Systolic time intervals (STI) were measured simultaneously with left ventricular pressure, right atrial pressure, and cardiac output in patients with acute myocardial infarction (AMI) within 24 hours of the onset of symptoms. Electromechanical systole (QS2) and left ventricular ejection time (LVET) were measured and preejection period (PEP) calculated and corrected for heart rate. LVET showed significant correlation with stroke volume (r 0.62), confirming previous observations. Patients with significantly elevated left ventricular end-diastolic pressure (LVEDP) and clinical signs of congestive heart failure (CHF) usually exhibited a prolonged PEP when compared with normal subjects or patients with AMI who did not have signs of CHF. The normal PEP in the latter group might be due to adrenergic stimulation offsetting the effect of myocardial damage, although measurements of circulating catecholamines did not conclusively support this hypothesis. We conclude that STI are not reliable indices of left ventricular performance in AMI.
T HE measurement of systolic time intervals (STI) for the indirect assessment of cardiac function was used by Katz and Feill and has recently been reintroduced by Weissler et al. 2 Characteristic changes of these measurements in patients with acute myocardial infarction (AMI) have been described by Diamant and Killip,5 Toutouzas et al., 6 and Bennett et al. 7 Observed changes have been correlated with clinical manifestations of the disease but not with direct measurements of left ventricular pressure. We have recently reported on the changes in left ventricular pressure measurements in patients with acute myocardial infarction8 obtained by bedside catheterization9 during the first 24 hours after the onset of symptoms. STI were obtained in some of these patients. The purpose of this report is to explore the relationship between systolic time intervals and direct hemodynamic measurements, including left ventricular pressures, obtained simultaneously.
Methods
The subjects were 24 patients with acute myocardial infarction confirmed by clinical, electrocardiographic, and enzymatic criteria. Studies were perfoimed at the bedside within 24 hours of the initial symptoms. All studies were performed with the patient in supine position. None of the patients received digitalis or vasopressors, but all patients received either sedatives or analgesics, usually morphine, at some time prior to the study. On the basis of the clinical findings, the patients were subdivided into two groups as follows: Group 1 had electrocardiographic and enzymatic evidence of acute myocardial infarction without any clinical or radiologic evidence of left ventricular failure. The criteria for the clinical diagnosis of left ventricular failure was the presence of a ventricular diastolic gallop, persistent rales over the base of the lungs, and radiologic evidence of increased vascular markings or pulmonary edema. Group 2 patients all had left ventricular failure by the above criteria.
External Measurements
Lead 2 of the electrocardiogram, the phonocardiogram, and the carotid pulse wave were simultaneously recorded at a speed of 100 mm/sec on a Century or Sanborn recorder. Heart sounds were detected with a piezoelectric crystal microphone and filtered above 150 and below 50 Hz. The carotid pulse was recorded with a special pressure gauge10 which was held under constant pressure of application with an adjustable clamp around the patient's neck. Measurements were taken over five to ten sequential heart beats and the results averaged. Two time intervals were measured: (1) electromechanical systole as the interval between the initial deflection of the Q wave to the second sound (QS2) and (2) left ventricular ejection time as the interval between the initial upstroke of the carotid pulse and incisura (LVET). Preejection period (PEP) was determined by subtracting LVET from QS2. Regression equations for systolic time intervals with respect to heart rate have been obtained in this laboratory from a group of 42 healthy individuals ranging in age from 25 to 75 years.
The regression equations for these normal subjects were as follows: QS2 = LVET PEP = -0.0020 x heart rate + 0.522 -0.0016 x heart rate + 0.394 -0.0004 x heart rate + 0.126 The indices QS2I, LVETI, and PEPI were calculated by substituting the observed values for the constant in the regression equations. Percentage change was determined by the ratio between the observed and the predicted STI.
Hemodynamic Studies
The left heart was catheterized by a modified Seldinger technic,9 while the right atrium was entered via an antecubital or femoral vein using a polyethylene catheter. Cardiac output was measured by the dye-dilution method. The methods employed in this study are described in detail elsewhere. 8 Blood samples for catecholamines were drawn from an antecubital vein and determined by a double-label isotope method.'
Results
Systolic time intervals (STI) are listed in table 1. In the group 1 patients who had no clinical evidence of left ventricular failure, the changes in PEP, LVET, and QS2 were variable. Although the mean values were reduced in comparison with normal subjects, the changes were not significant. The ratio PEP/LVET was unchanged from the expected normal value. In the patients with clinical evidence of left ventricular failure (group 2), PEP, PEPI, and PEP/LVET were significantly prolonged as compared with normal and group 1 subjects; QS2 was in the normal range, and LVET was shortened, although the latter reduction did not reach the level of statistical significance.
The relevant clinical and hemodynamic data as well as the catecholamine levels are presented in table 2. The mean age of the patients was significantly higher in group 2. LVEDP was significantly higher and SV significantly lower in group 2. The correlation between LVET and SVI (r=0.62) is shown in figure 1 . No significant correlation was found between STI and left ventricular enddiastolic pressure. Total catecholamines were more than five times the levels previously observed in normal subjects" in two patients out of 10 in group 1 and five out of nine in group 2. The mean changes in STI and in hemodynamic measurements between group 1 and 2 are shown in figures 2 and 3, respectively.
Discussion
Systolic time intervals have been correlated with hemodynamic measurement during positional changes12 and pharmacologic manipulations. ' 3 Under the conditions of these acutely induced hemodynamic changes, STI correlated with the direct hemodynamic measurements. In congestive heart failure PEPI showed a highly significant correlation with clinical signs of failure, and LVET correlated with measured stroke volume. ' PEP/LVET ratio has been suggested as a useful index of overall cardiac performance. 4 In previous studies in patients with acute myocardial infarction, PEP was frequently found to be within normal limits, whereas QS2 and LVET were generally shortened.-7 The present investigation showed the same trends for the group as a whole. However, when the Bar graph comparing changes in mean systolic time intervals between group 1 and group 2 subjects. Individual values are indicated by dots.
Circulation, Volu-me XLV, February 1972 data are analyzed by subdividing the patients into subgroups by clinical criteria of presence or absence of left ventricular failure, significant differences in STI between these two classes of patients become apparent. PEP tended to be shortened in group 1 and significantly longer than normal in group 2. QS2 was somewhat shorter in group 1, whereas LVET was decreased in both groups, particularly in group 2 in comparison with normal subjects.
A variety of factors probably influence STI in the early stages of acute myocardial infarction. Stroke volume often is reduced in AMI,8 and the correlation shown here between LVET and SVI (r = 0.62) suggests that LVET might be a useful noninvasive method for assessment of SVI, even in a situation where diverse factors are affecting both parameters.
It has been shown that PEP incorporates the isovolumic contraction time (ICT) of the ventricle,14 the duration of which should be related to myocardial contractility. However, in AMI myocardial contractility is affected by two factors which are opposite in action: (1) sympathetic stimulation with a release of catecholamines, which tend to increase contractility and thereby decrease the duration of PEP, and (2) the effect of intrinsic muscle fiber damage, which decreases contractility Figure 3 Bar graphi comparing changes in mean hemodynamic measurements between group 1 and group 2 subjects. and thus increases the duration of PEP. The moderate decrease in PEPI in group 1 patients who may have had less muscle fiber damage could be ascribed to predominance of the effects of increased sympathetic activity and circulating catecholamines. Group 2 patients, on the other hand, probably had more extensive muscle fiber damage, which resulted in cardiac failure despite increased catecholamine activity. The consequent prolongation of ICT would be expressed as an increase in PEP.
The present data show trends which support the above hypothesis. However, individual patients exhibit wide departure from the expected. For example, patients 5 and 9 had marked increase in PEP with only moderately increased LVEDP and no clinical signs of CHF. Circulating catecholamine levels did not correlate with the STI, although these values may not necessarily reflect the level of adrenergic activity of the myocardium.
The STI which showed the best agreement with the clinical findings was the PEP index. However, even the PEPI showed some overlap between the two groups. PEPI showed a more significant difference between group 1 and 2 than did PEP alone, probably because of the additive effect of the significant changes in both PEP and heart rate. We did not confirm that the PEP/LVET ratio was superior to PEPI.4 Whereas STI in group 1 patients were similar to those seen in normal subjects under increased sympathetic stimulation, group 2 showed the characteristic pattern described for CHF. These data suggest that the STI are not sensitive indices for the diagnosis of infarction, but may aid in assessing myocardial competence once the diagnosis has been established by other means.
LVET may be useful as a crude estimate of stroke volume in acute myocardial infarction, although it appeared less reliable in the presenit series of patients with AMI than in patients with congestive heart failure due to other causes.14 It should also be emphasized that indirect recording of a well-defined carotid pulse in a severely ill patient mav involve considerable technical difficulties, and for that reason many patients had to be excluded from this study.
Once the diagnosis of AMI is established, the STI did not prove to be superior to physical examination in indicatng the presence of CHF in severe AMI. Although the STI exhibited a characteristic pattern for a group of patients, they had little predictive value in the individual case. The low correlation between STI and direct hemodynamic measurements appears to make application of this method in the diagnosis and evaluation of the patient with AMI of limited value.
